In Italy, the hydro-geological protection of the Apennine territories is a well-known issue. For this reason, at the end of the 19th century, a new reforestation technique was proposed by the Inspector of Forest Service, Pietro Montanari to cope with difficult soil conditions of the mountain areas. This new approach was the first application of the so-called "gradoni" (small terraces) method of soil preparation. Each "gradone" was 100-120 cm wide and made with a slight counter slope (ca 10-15 degrees) to promote the accumulation of water and organic matter. Along each "gradone", bare root black pine seedlings (Pinus nigra Arn.) were planted at a distance of 1 m from each other with a density of more than 3,000/ha. Nowadays, 19,158 hectares of black pine forests are growing in the Apennine of the Abruzzi region, largely resulting from those reforestation projects realized since the beginning of the 20th century. A case study of Monte Plaia (42°00'12" N 13°53'39" E), that illustrates the situation after 70-110 years in consequence of lacking of silvicultural treatment and the application of aforest restoration method is presented.
Introduction 1
Black pine (Pinus nigra Arn. subsp. nigra var.
italica Hochst) is an endemic species in some small sites in Abruzzo [1, 2] , but since the 19th century, many afforestations were established with Pinus nigra Arn. s. l. in order to protect the soil from erosion and prevent landslides and floods.
The Inspector of Forest Service, Pietro Montanari, cope with the difficult soil conditions of the mountain areas, proposed a new reforestation technique. This new approach was the first application of the so-called "gradoni" (small terraces) method of soil preparation [3] . Each "gradone" was 100-120 cm wide and made with a slight counter slope (ca 10-15 degrees) to promote the accumulation of water and organic matter. The vertical distance among the "gradoni" was of a few meters depending on the slope. Along each "gradone", bare root black pine seedlings (Pinus nigra Arn. s. l.) were planted at a distance of 1 m from each other with a density of more than 3,000/ha.
Black pine proved to be particularly suitable for reforesting slopes with shallow soils and harsh climatic conditions (prolonged summer drought) thanks to the efficient use of soil water and the root system extension of the black pine [4] .
At present, according to the Forest National Inventory [5] , in the Abruzzi region, the surface of black pine stands covers 19,158 hectares. Afforestations are present from 600 m up to 1,500-1,600 m, more frequently between 800 m and 1,200 m [6] , considered the best vegetation belt for this species.
The lack of silvicultural practices causes negative effects on stand stability, favoring biotic damages, loss of biomass, accumulation of deadwood and risk of fires. Recently, windstorms and recurring drought fostered by climate change have provoked local disasters.
The unmanaged afforestations show blocked natural dynamic processes, while the density has been reduced for natural or artificial causes (as thinnings). It's easy to assist to a recruitment of native broadleaves under canopy cover.
D DAVID PUBLISHING
Given the current attention toward sustainable forestry, the long-term objective is to restore a complex structure, the species diversity and the function of a native forest ecosystem through the gradual conversion of these conifer monocultures into native broad-leaved or mixed coniferous [7, 8] .
The issue of restoration has been set in Italy since afforestations have been performed with pines, as they are considered transitional species. In fact, the black pine afforestations significantly changed the microclimate and the soil environment, making it suitable for more demanding species [9] .
The restoration (or rehabilitation, conversion-transformation into mixed broadleaved or conifer-broadleaved forests) of man-made conifer stands represents one of the main objectives of forest policy in many countries [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Such objectives fall within broader ones than those provided by the United Nations Framework Convention on Climate Change (UNFCCC), the Conservation on the Biological Diversity (CBD) and the United Nations Convention to Combat Desertification (UNCCD).
This paper aims to provide some considerations on such issues with respect to one case study. In particular, the following questions have been addressed:
(1) What changes are taking place in the unmanaged afforestations?
(2) What should be the most appropriate silvicultural tool to restore more stable stands?
Material
The study was carried out in 50 years and 90 years old black pine (Pinus nigra Arn. s. l.) afforestation at Monte Plaia (Introdacqua, L'Aquila) 42°00′12" N 13°53'39" E (Table 1) .
Method

Framework of the Silvicultural Approach
Here is a proposed silvicultural approach that mimics natural disturbances that may restore forests in a more suitable and natural way, optimizing harvest and yield and preserving biodiversity and ecosystem functioning [20] . In temperate forests, gap opening is the major process determining regeneration development [21] and a vast body of literature exists on the effects of canopy gaps on tree recruitment patterns [19, 22, 23] .
The gap-cutting system or gap-cutting silviculture [24] and gap-based approach [25] attempt to mimic the natural gap size and frequency in gap-disturbed forests through judicious use of well-planned partial cutting [26] .
This approach has been applied in many forest types over the world: in boreal forests [25] [26] [27] [28] [29] . In temperate forests [30] [31] [32] [33] ; in several tropical rain forests [34, 35] ; in the coniferous forest of the Pacific Northwest USA [36, 37] ; in long-leaf pine ecosystems of south-eastern USA [38] [39] [40] and in Australian eucalyptus natural forests [24, 41] .
In particular, gap cutting is designed to allow the establishment of new regeneration, which is not present [42] .
It assumes that frequent small-scale disturbances produce:
 fine-grained stand texture;  multi-aged structure;  high variability of tree sizes in a small area;  continuous (at stand scale) regeneration process;  small spatial and temporal variation in biomass accumulation.
Field Survey
The dendrometric parameters provide the starting Black Pine Afforestations in Abruzzo (Central Italy): Perspectives and Management 496 information for the description of the whole stand before the cuttings (Table 2) .
Advanced regeneration was detected inside each gap by two orthogonal transects (N-S/E-W) across a 1 m wide gap. In each sub plot of 1 m 2 , the number of tree species born by seed, their total height and age were determined. The Regeneration Index (RI) [43] , density × mean height in cm, was used to compare regeneration conditions among the gaps, considering good regeneration a value > 100. On June 2000, an experimental gap cutting system was applied according to the following scheme (Table  3) .
Natural regeneration established after the cuttings was surveyed in thirteen circular sub-plots of 3.14 m 2 (100 cm radius) inside each gap. One sub-plot was positioned in the centre of each gap and the others were located at one-third of the radius starting from the centre to the gap edge along the cardinal directions. All seedlings inside each sub-plot were identified by species and total height was measured. Census of seedlings in each sub-plot was carried out in the summer 2002 and 2007. During the surveys of 2015, natural regeneration census was expressed in grade of cover and mean height distinguishing pines from broadleaves in orthogonal transects, 3 m wide, across the gaps.
Results and Discussion
Observations at Stand Level
Common characteristic of these > 70 year old stands are: high stocking and crown cover, decrease in the vitality and annual increment, growth in dead wood and frequent insects outbreaks.
The high density is shown by the low value of Hart-Becking spacing factor (18%-21%), respect to the optimal value of 25% for black pine [44] .
Advanced Regeneration
Under pine canopy cover, seedling recruitment is difficult firstly because of low level of solar radiation, and secondly, of a dense stratum of grasses (Brachypodium sp.), mosses and needles. They become impenetrable for the rootlets of seeds that can germinate.
The ecological requirement of the different tree species, especially respect to solar radiation, explains the results obtained (Tables 4 and 5 ).
The low solar radiation level in seedlings of a light-demanding species like black pine, limits their growth and they frequently die, this is worsen by the concurrence of water availability by grasses [44] .
While the seedlings of more shade-tolerant species as holm oak (Quercus ilex), hop-hornbeam (Ostrya Quercu silex 10 10
Pinus nigra 5 10
Fraxinus ornus 5 5
Ostrya carpinifolia 5 3
Acer campestre 1 -carpinifolia), manna-ash (Fraxinus ornus), maples (Acer sp.), pubescent oak (Quercus pubescens) remain viable for some years. Similar observations have been done in the Middle Balkan Range, Bulgaria in mature Black pine (Pinus nigra Arn.) plantations [45] . The advanced regeneration was dominated by broadleaves as shown in many other afforestations in the Apennines [46, 47] and in the Karst Region of Trieste, north-eastern Italy [48] . In this area, hop-hornbeam is not as frequent as it is in other similar afforestations in calcareous soils in central Italy [46, 49] . In fact, this species can grow and survive in very low light level.
The density and R.I. of advanced regeneration was low (Table 4) , both for seedlings and saplings as founded in a 85-103 years old afforestation at 1,000-1,600 m.a.s.l. along the calcareous western slopes of Monte Genzana (Abruzzo, Italy) [47] .
Natural Regeneration after Gap Cutting
As shown in previous studies [50] [51] [52] since the early years after cuttings the natural regeneration had established.
Nowadays, after 15 years, the experience can be considered closed because all the gaps are well regenerated (Table 6) . Results indicate that the re-arranged vegetation type is represented in multi-layer structures by holm oak (Quercus ilex) (30% in grade of cover) followed by other broadleaves as hop-hornbeam (Ostryacar pinifolia), pubescent oak (Quercus pubescens) and manna-ash (Fraxinus ornus), sometimes with maples and cherries mixed with black pines. These species are the main component of the native vegetation type [53, 54] .
This suggests that these experienced gap size are unsuitable for regeneration mainly for the light demanding species like pines as shown in other studies [10, 55] . Moreover, the observed mortality and suffering in regeneration of black pine, could be due to shortage of lightbut alsoto the unsuitable ecological sites (low altitude of vegetation at western aspects) worsened by the effect of climate change (drought stress), responsible of the decline of black pine in many areas [56] [57] [58] [59] . The capacity of the "gradoni" to improve the soil water availability is not sufficient to contrast the effect of climate change anymore.
Conclusions
Implications for Sustainable Forest Management
Gap cutting system configures a silvicultural treatment with low environmental and aesthetic impact, which derives from the possibility of diluting the cuttings over time and space.
The conditions, procedures and temporal sequences are summarized in Table 7 . This accounts for a total regeneration cycle between 16 years and 30 years, after which the stand will be managed with conventional thinning, depending on management goals. In fact, thinnings may be performed earlier, if the regeneration inside a gap will be too dense.
As the Monte Plaia area has many tourists, it would be inadvisable to leave standing dead trees mainly near the most frequented paths. In order to reduce the risk of accidents for tourists and fires, it could be better to create some "islets" far from the touristic sites.
How the Changing Landscape Can before Seen in Consequence of Forest Restoration
The final result will be that of a mixed-species stand, with a group structure. This stand will be young and diversified, hence, much more resilient to any biotic and abiotic damage agents.
As suggested by Fule et al. [60] , an open structure of native broadleaves, in this case a mesophylous holm oak vegetation, will be dotted by big pines with wide crown of high aesthetic value.
